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PROCESS-GRADE MEASUREMENTS AT .iGNS BNFP
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Los Alamos National Laboratory

Los Alamos, New hexico, 87545
(505) 667-6394

ABSTRACT

Proce.nn quality meiBurement data from cold runn
at AGNS fLNFP rtrv used to demonstrate near-real-

t ime accounting hv closing hourly mmtr=rials
ha!nnce~ and to ev~lllate ~onta~[Or i,)vpnl”ry

es( imstion Lcchni$uea. LosB-detection nenni-

tivi lies ft~r 1 day of between ~ and ]8 kR uran-
ium, at 502 detection prnhatrility and 2.5Z
[nlse-nlnrm prohnbilitv, are calculated for
Rolectrd accrmntin~ srenfl. Pulsed-columll in-
vrntory efitimator~ are uned to calculate an
inv~ntnry thnt is Rt.nernlly withil) 10% of column
dump rrc~nur~mt. ntn , IcoHfi-detection nt.nsitivily
roiild hc improvod by inrurporntin~ on-line waste

ntrrnm mt.afilbremt.nts, iml)roving Inhoratory menn-

\,r,.mrntH f., r procv~8 .9trPnMa, nnd rc. finirtg thv
plllnoal-col,imn invont~]ry vnfimatr~.

1. IN’IWMNI[:TION

II, MI NIRIIN 111::’I”IIILY ANII l)K:~(:ltll’’l’ll)N

III Itll/ A(:NS, ,)ll,l,. x till, Pplwlnllt’nl lip ill DOE,
I,a.y,nll I 11,. ,Ivvol(lpmvltl nll(l I rnl in~ (1I a (:omplll -

I.1’i?,,d Nllclrnt Mnt,, rinl 1:111111111 aIIIl AtI,t IIIIII iil~

s\, flt I,nl (I:NM(:AS),” Illitiml w(lrk t)ll I:NM(:AS
i nv,, I vt~tl I 111. ,.111 ill, rlbwirnl nvpntnl iajum lint,
41111 Itl(,ttnrtl 011 r{mtlttllrj ir. nl itul all monntir*mrlll ,

measurement control, and acc.nnting procedures

for “conventional” accounting. (“Conventional”

accounting i8 the measurement of inputs and
outputs fur a materialn bnlance area, coupled
with periodic cleanout and physical inventory

to close rhe materialo balance. )

Ao on-line meanurpment and computer capa-
biliticfi improved, AGNS began to experiment
usinR rotltine meaauremrntn cf proce6B variablcn
tu cslimatc the quantity of material in process.
Thrsr! experiment wt?rc [Iitially conducted fur
the entire Frocrsa, but by :9W reduced fulldin~

t’cq.llred AGNS to find .; lcn~ costly mode of

tc8tingm Becaune nf the widrsprcad and conti,l-
uing il,trrest in :omputut’ized nuclvnr mnLcrialH

conlrol nnd nc~r-real-time accounf iug methods,
LIMJ minirun concept waa devised.

T!lc minirun cycle (Fig. 1) cnnniat~ 01 lour
pulnrrl-column conlsclors (2A, 2H, 3A, nnd .Ill);

com-t=lltrntor (J Ii); al)d mrvru prortucl, lvud, anti
I,lpudin,q ltrnk~. Supporl Hyn[{.mH illcludl, aquouuH

vntItv tankn, a wnnto [,vnporator nlld acid lral.-
tiothmtor, n 8(IIVPU1 nurg~ and rvcyclr. Lank, ● n

off-~n~ m,ynlrm, nlld nNR(lt~inLd l~rorrMn aud
cht!micnl dint ril!lll iun ny~lrmn. ‘lhiH rrprrnrn[n

n IVJIMI cr[)nn .nvction 01 ruut invly Ilmvd plnll L

oqllipm~nl Inr drvt,l(lpmt,lll 01 inlp:.lvt,(l mntvl inln

Colllt’ol 11111 acrlnlll[ ill~ motll~dn . A mo!lil it,,l

I’urrx ~o:vrol-rnt rnct iou rl(lwdt,l,t in URVII wilh

Ilnilrndintrd hntt)rnl 111.nlli(bm ill pint, v 01 pill -
II)llitlm :IBI III!, Irnln.

III. I’HIX:l. SS Ht.ASllkLKMliN’l’S
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was:e stream from the “B” ●nd wash columns (2BW,

3BW, 3SW), the combined aqueous waste streams
from the “A” columns, and the overheads from the

concentrator (2AW, 3AW, 3PD). The measurement

in the 2BP 8tream wa q obtained using 011

L-absor~tion-edge densitometer designed and

constructed at Los Alamos. Measurements i,]

waste streams were performed using a K-x-ray

fluorescence spectrometer designed at Livermore

and adapted at AGNS to the AGNS proce,a linea.

X-ray fluorescence analyzers alao were installed

in ths lBP and 3BP product atreama.

A. Volume and Denai~ Measurement._—. —.——.

Prcce88 volume and density m?fisurementr

were obtained using commercial Taylor* dip-tube

manometer that had been installed during BNFP
c0n8twction. Tests b) AGNS indicate( a drilt

in ol?.put as n functign of time. “Iherefore,

AGNS personnel designed an autrnlatic calibration
technique (AUTOCAL) for all vol~me and densiLy
probes.5 The AUTOCAL ayatem uriea a fiuska**

rfensimeter to correct for nrrrrlinearity and drift
in siRna18 from proce8s diffr=rent i.~1-pressure

trnnamitters, Thus , transmitters with a stated

manufacturer”a accuracy of 5-10% are corrected

to an accuracy of (),2X.6 Temperatures of

flowinR atreamn are merssured u.5ing in-linr

thormocouplen, and all densitic~ arc correcLed
for temperature.

11, Analyt ical Lut, oratury U1’ani\lm AIIalyse R—

})1 O(tsRN control suml,lr~ at ftNF1’ are a!l-

alyzed [or uranium usin~ fr m[,clll ird I)nvics-L, lny
procedure,. It) tltr 8Lnndnrd IMvivs-(”r’ay ml,til(~d,

uranium first in rrducrcl tc~ 111? tr(rav~lvnl
ntntr uning Fe(n) ill phc IHph[II ic arid. ‘lllrl) ,

Lhr Lotravnirnt UrIIlll Uln is 0Xld17fsd qllant LtfS -

tiVely t[l thti hl, X~v41@l, t tIt QtI, wl(h dILhttwII*,

atI[l L))(, eud poiut in dfitr( Ir, Il,ltrll tl<$l!lt$lll c.-

●lly. Thr methtwl in cnp~llr i,i ptr~’inl(lu and

ncrura<.y of 0.1%. In tl)o m(~tli f Ie,(l mrt 11<)(~,

thv dfrl point in 111,t6rlr(l II Jl{II’i lII.,ltlc#lly. ‘Tllr

m[,tlificd mr!hod is rflpi~l, !rqk!i L i!l>,, lo mill

pt, r atimi,lo, I>llt a(curacy im 111 tllr IIIcIOI ()! ‘)1.

(: . I.-l:dgr lk,tlnit{mwll~

For minituu 7, an ll-CCIMC ,I,,!lnit,,nwlpt wfln
inatallrd i n the Ynt’ ntlrnm I,v I,(IR Alnm(ln. 1

A flow- tl!t(mgl, sample cell witfl a l-cm IMIIII
l-tlkttl Wna installed 1)n I inr t () pt.lmlt

.-
●’l SIVI(II Ml)(ldlll I ;OI 10 I IOH, ‘Taryl(,l Illrnl IIlmnllt

CO., M,)chenter, NY.
** N,, mka m,,,lel l)l)l{hl~[)(l, Rtlllhn Itlltt lilttla,l)t (:01], . ,

Il(lllntlltt, ‘lPx#rl.



continuous analysis of the flowing siample
stream. The instrument was calibrated for

optimum assay results between 50-60 g/L. During
min irun 7, the instrument obtained a uranium
concentration measurement every ‘I-5.5 min with
a precision of 0.7%. At concentrations of
35 g/L, a positive calibration bias of 0.15% ;U

anticipated,

D. K-= Fluorescence 4nalysia—-.

An x-ray analysis ayatem bttaed upor? er,ergy-
diapersiv.? K-x-ray ardlysia was developed for
uranium analysis of procees and waate atreama.
During minirun ?, x-ray fluorescence detectord
were installed in the lBP and 2BP streams and
in the organic and aqueous waste or recycle
ntreams from the plutonium purification cycles.

The precision of the x-ray fluorescence
method was reported to be 2% in the 20-150 g/L
concentration rnnue. 8 Matrix effects caused
by introduction of other heavv metala or by v~r-
iationa in acid concentrating are not inciuded

i n the data evaluation methocfa. The n,inl mum

detectnhlr concentration is 0,1 g/L; hence ,

aqueou~ wnnte and nr~anic recycle atreamn

anticipated under normal 0peratin8 condition

could not be mr=auured. For concentration in

the range of 0.2 to 0,4 g/L, as normally en-
cv{lrltered in thr 3HW n:.cam, the precision ia

reported to be 38%.

E. ll]onium Concentration .f:om Snlution
i)on~ir.y ancl Aciditv Mvnnurem+. nt#

. x.. —... . ..—

TIII. dv, naitv mraeureme~t ir, uacd in r~proc.

Pnning pl~ntn frrr mcanurlnR in-procenn inven-
tory, pi imnrily fnr procent co~]trol, ●nd can br
uned 10 d,. tvrmine in-prorrns invcnt(?ry for NRTA.
The mrttind in ner!, itivr tr nitric acid crrnc~n -

tration and trm~vraturr-. A prmd]ct iv{, equntiot,
for ilranium c[)t]ct,rjtlnti[l[]~ in the ranpr (),()5 to

O.() ~ (12- 14’1 R/1, ) WRR prnpnned by f9rrr\lda.9

ttrt)rn iu [Ietrlminirv uranillrn co,,centr. itinn ● rr

i n tllr IlrtlJcr (),H-’I,9%. M(nnllrrmontrn of I,WR

di*n,\lvf.t n{llt!t innn with a relntiv(~ a;nrcfard
tlrviflt it}n of ().H-I, ?% W1-re trportpd, 1° F() r
!Ill$nllllt rmrllt of tlrnnvl-nilrntr pt{}d[l{ [ tro]tlt inn,

A rrlntivr utnndntd drvint inl} nf l,rtt~r thnv
(1,2% wan te~){jrtvd,

o low-level aqueoua U-CALC for 10-60 mg
u~aniumfg, and

o organic U-CALC, 10-80 mg uranium/g and

30~ TBP.

Iv. MIN:RUN NEAR-REAL-TIM MATERIALS ACCOUNTING

f4eaaurement data from the AGNS procebs

control instrumentation, including estimates of

random and correlated measurement uncertainties,

were received hourly in a data file (ARANGE).
In addition, sample ‘sta from the analytical

laboratory were added to the ARANGE file as they
became available from the Laboratory Data Sya-

tcmo Samples for chemical analyais were taken

normally once per shift (ace Fig. 1 for sample
points), Table 1 lists the ARANGE file data
entries for the seventh minirun. Measurement

pointa used for NRTA are given along with their

respective random and correlated errors. The
in8trumcnta were not recalibrated during the

miniruna; thus, all measurements made with the

same instrument are correlated for all account-
ing periods.

TABLE 1: CONTENTS OF A}’.RANGE DATA
MINIRLIN NO. 7

MCtsulomwlt
P9int .—

Data Sot WC.
Tim
crate
Initicl ]nwn:ory

Pu Storaq@ 01 (30!)

m al. bl t?aylor)

Pu nt! 02 (306)
PV ut. a2 (TaYIOr)
PU Rmmrk tank

PU T,@work (t*ylol)
laP Tmrk
)W Tank !Toylor)
2AP (YR205)
“AX (rlmtl)
ltIP T&nk mmplo

2AII :rn63a)

ZAP Sem$lr

Jh ITllw! (ky u)

2M, (T.ylor)

‘J9X (I R63?)

itll’ l)at\mlm*tml

2ctr nmple

/S1, L cdg. !twI!nl!uaet9r

2m, Cclllmll (klJ u)

3AP Butt (FM 633)

IN (rn 542)

Inr T@ylol b Cklndu<

3AR (F6 61h)

ml, mwllo
3A* (rmyll,l)

v
c
v
c

v

c

v

c
r
w

c

?

c

u
c

?
c

c

‘J

P

?

c
r
r’
c

3
Rmrd~__

o

(0.61Y)2

$. I 1 10-4

(0,6AOi

6.s x }0”

(5!3/v)i

1,4 M 10 -3

(5. J/v)2

4,1 110”3

4,0 1 10-’

,S,6 x 10 -5

3,6 x 10””3

4,C x 10
-4

4,0 x 10
-4

(t, o/kg !J)Z

6,4 _ \O”4

4.0 K 1?
-4

4,0 a lr3
4

1,6 I 10
1

1 ,01104

(?. Ulkq U)J
4,01 10

4

4,0 1 10-”4

4,1 1 10””

4,0 R 10-4

4,0 R 10
4

I,e n 10 4

SETS: AGNS

o

(0,261 V)2-3

2.4 X i!

(0.26/V)4

1.) 1 10-’

(4, s/v)2

1,6 R 10”’4

(7.1/v)2

1,0 1 10-~

4,0 s 10-4

3,6 x 10”’

24? x 10-4

4,0 x io-i

9,0 a IO-4

(4 II/kg 1)12

1.6x ld’2

4.0 1 10”4

2,* ~ 1(3’3

IORIO’4

2,3 n lo””?

(2 o/kq u)~

4,0 m 1(1-:

1,0 s 10

2,0 M 10
J

4.0 B 10 4

9,0 n lU 4

41.4 P In
3



Table 1 (cent)

nxa~xamant
Polnt

1? col~ (kg U)

36P Mns-tar

Pu Prod. Tank (Saap:@)

lxx (PS-619)

3BF XW

39P S&,pl*

19s XRP

38 Colm, (kg U)
15P SsF

3PL colwn (kg U)
.1 SOIV, Peed Twrk
01 Sol V Feed Samplo

3P concentrator
3P Corrc,”t. (?aylor)
m Catch Tank
Pu Catch (T- Y101)
~ Prod. T@nk
Pu Prod, (Taylor)
Pu storage 43 (304)

Pu storaqe .3 (Taylor)
2Au SWIQ

2SW Smplc

3Aw SamPlc

3SW saxpl~

Pc$ Xsr

w
c

c

?

c

c
c

u
c

u
v

c
v

c

v

c

v

c

v
c

c

c

c
c
c

2
_!f@2sL_

[9.O/kgU)2
4.0 x 10-’

3.2 X 10-4

4.0 x 10-4

9.0 x 10-’

3.6 x )0-3

9.0 x 10-’

(3,0/kg U)2
0.23

[0,17/kg U)2
4.0 x 10-6

4.0 x 10
-2

6.4 x 10-5

6.S x 10 5

(LI.3WV)2

6,1 X 10-4

[1!03W2

6.1 X 10-4

(o,37/v)2

6.1 X In-’

0.25

Cz
Corr*la\~

(9. Olkg U)z
2.5 X 10-3
7.s A 10+

4.0 x 10-’

2.2 s 10-’

1.0 x 10-’
2.2 x 10-4

(3.0/1. s U)7
133

(0.17/kg U 2

2.5 x 10
-J

4.0 x 10-2

3.6 X 10-5
1.1 x 10-3

(O!17A$)2

2.4 X 10-5

(O!lnh)?

2.4 X 10-5

(0.2’//

2.4 X 10-5

0,025

Three computer programs (RA!3AR, FUNNEL, and
DECANAL) were implemented at A(IvS for analyzinR
minirurl measurement data. RADAR in a utilit,
code thut reads ttle mrasurcme!lt data fron ARANGh

and perfornls minimal formnttillg ~nd data check-
ing beforo writing thr input moasulemont data
filr for thr? FUNNEL program. FUNNEL is the ex-
ecutive progrnm that calculates materials bul-

ancca; it WR8 written nprcificnlly for the AGN$
minirun proccnn. The prf)kr~m a)lows the unt!r

to nplect and nnalyr.v data nl]nnnink partictilar

timP prriodn and to CII[1OSI, nny 01 rrt,veral unit

procebrt accnunt ing arcan (IIPA,IN) that include
different procenM arran, Tho majo;- UPAAa are

(1) full prorr~s IIPAA - iurl,,de~ the ●ntire
c lrrned lnop of th~ pltlt{lni!:m ptjrificnt ion pro-

crtrn (Fi R, l), an opPrr4t~d fot tllo minirunn;
(2) column UP4A - inolrtfr, n lho ro]umnn ,i!l

a nioule arcountinu arrti lIIIIIIIdOd hy the IOP tank

and thr 3P concentrator;

(3) lRP n,lr~++ tank IIPAA - iso]ntrn th~ IFP

ntlr~e tank with th ,,lttt{,,)ltbm r,.w{prk tank and

the 2AF ntr’cam;

(/4) ppp opAA - inr](,,le” the Ct)],lm,)” al,,{

the 31’ c{incentrnt[, r witti I),)ll!ldnrirn at the lBP
ntirRo tank and the Pu cntch Innk (nlt~r!lotively,
I}PP and sample UpAA -the catch tnllk can be in-

rlilded in th~ lll}AA, and thri nnmplo tank can ha
uc~d for tll- otIlpIIt lIOIt IIlr I mt,onuromont); ●nd

(5) tank UPAA - irrt,lntrn *I)V aitt~l~ tank
iI\ tlIe pt,,crmn •~ a arpntato 111’AA.

For a specified UPAA and time period, the FUNNEL
program combines the raw measured values to

calculate net tranafera, and in-process inven-
tories and their statistical uncertainties, and
transmita them to the decision analyaia
(DECANAL) package for further analyais.12

v. PULSED-COI1’MN INVENTORY ESTIMATES

UPAAS that included pulsed columns required
estimatea uf the inventtiry based on measuremrnte
of the feed, product, and waste stream concen-

trati0ni3 and flows. The estimatorl~ has a

form given by

“ - “f~cf
●Ff;+H(C “ Fp) + tlw(C “ Fw) ,

PP w

where H is the total column inventory; the aub-

acripts f, p, and w, respectively, indictite the

feed , product, and waste streams; Hf, ‘F’
and Hw are cons~ants related to the inve,~tcry
at some nomintil operatinR c.rnditions and are

determined experimentally anJ through engineer-

ing models for ench plllsed co;umn; Cf. Cp, ar,d

Cw are combinations of measured and nomina. con-
centrations; Ana Ff, ~p, and Fw are combina-
tions of measurpd and nominal flow rates. We

us?d this es~.imator in two forms, with the col\-
cel\tlation and tlow dependence and with concen-

tration dependence only.

At the ci~d of miniruna 1, 5, b, and 1, ttle
pulsed columns weie valved off, the phanes sep-
urated by pulsing, tlle t-olurnns drained intu

holding tanks, holtiiug tank volumes measured,
r Id sflmpleo taken for chernicai annly#ic. Colhrnu
inventories trom thene dump,) and fr[m thv two

fo:ma 01 Lhr rstimatc,r .nrv Riven in Table i!.
Tllr.pr prrlimintiry comparisons slIow that thP

enlimfltor is rilwnyn lowct than the c(llumt) Jump
mensurrmev,tti. Thv rstimator that has lrottl corl-

C@nt ratl O1l alll! fl(>W r.. tP dPp Clld?ll. C $.gr CP8 With

m?~stlrcd val IIr R from tho column dumpn within tht
error nf Ilr rntinlatcrr. (;(lmpnrinc)rl~ i.Ir indi -
vidual cnlumnrn range from 272 hiKllrr tn 3[)%

TAI!I.E 7: I’(l I, SIII-(:OI, (IMN INVI, N”I(II{Y [:ot41’1\RISON”

lcvrntt!~y (kg II)
KNI lmlt, ,l

(:[11 tm\n Fli!w Rhtr !lIld
Mini rutl Dum~ (:<~l\crtlt rat ion (:,11 >,,,111141( 11>1). . . -—

1 80.2 74.1 (-7.6%)
5 48.1 4>!2 (-fr.t)%) 40,4 (-lb,ol)
() 42,(1 41.b (-l.(It) 37.0 {-11.9%)
7 !r8.7 01.5 (44.H2) 41,-! (-29,01)



lower than the column dumps. Analysis of these

results is underway to determine the foctora

contributing to these differences and to refine
the estimator ●nd the column dump experiments.

VI. LOSS-DETP.CTION SENSI’I’IVITIES

Estimatea for material.a loss-detection

senditivitlea and material inventory ard

through-put for selected accounting areea in

the mini-runs are given in Table 3. These

eatimntes are for l-day accounting peril)dli rind

are based on b fixed-length teat havin~ u 50~
detection probability and a 2.5% falae-alarm
probability. They are based on measurement

error estimate! at the end of the minirun series

(Table 1). These detection sensitivity esti-

mates are not applicable to qll thl’ miniruns
because the measurement error estin,atea were

ref~ned with each minirun.

TABLE 3: ESTIMATED MATERIALS LOSS-DETECTION

SENSITIVITY

lnven- Through- Detection

tory put Sensitivity
Accounting Area .&lL~ __ .~kg U)tk~ U/d~). . . .— - .. -—- ...—

Small mtatic tank 60 0 4
LarRe dyrlamic tank 90-20 1.44 11
Coliamnn 40-/45 1/,4 12
PPP h sample Qs-loo 144 18

The I<lnn-detrrtion riensitivity in UI kg

uranium fl)r smnll ntatic tanks arrcll all the

intrrinl sl l)rnp~ ta,lks (Fig. 1), This tank
rrnrmnlly tins an inventory nf ~0 kR uranium.

The drn~it ivi~y is dominated by th~ cnncrntra -

t ion mrn Rtlr’rmrnt vrrc, r all[l thr nmount of m-+ter -

inl murisurcd and can be imprt)vvd t]y using a

cnnrrntr~t lot> mennurcmr.nt havinK a procisiun of

1% or hrltr. r. A v<>l{)MP halancr hnn a detec-

t ion eonajtivit) of ‘L.1.2 L. lh,(nu~e the tat\k

in Rtrrtic, tllo dotrctlun non~itivity in not a

function of t imv ()1 corr~lctrd mvfrntlremrnt
etrnra .

Mntrrialn I,nlat]crn fur 10IICC dynnmic tanks,
auctl an ttir ll!l~ tank, arr based on volume
tralancrn trrIc14use nf rrlfitivply larRe triaa*a
ht.lwI. en tho Iework, and lI)P tank c{)tic~ntration

mt. nfi,, rPmrt\t R and thr lack of au in(lepenrfrnt

ct~ne!ltrnt inn mran\lr*mPnt (Itb th~ 7At ntream,

The IBP tnuk ntlltit inn volumr in normally in th?

t ...:~r of ‘)00-150[)” L with ● cottcelll rat inn of

tiO g uranium/L. The daily throughput for
the lBP tank ia ‘UfA kg uranium/Lt The vol-

ume balance haa a loaa.-detection aenaitivity of

‘1OO L. A balance baaed on the volume and a
single concentration measurement in the lBP tank

for all streama has a aenaitivity of W5 kg
uranium, and can be improved by providing more

frequent (i.e., continuous NDA or density)
measurements of concentration.

The leas-detection s~nsitivities for the

co? umn UPM (40-45 kg uranium inventory and
14fI kg uranium throughput/day) and the PPP and

sample UPAA (95-100 kg uranium inventory and
144 kg uranigm throughput/day) are M2 kg

uranium and %18 kg uranium, respectively.

These senaitivitiea are dominated by the trana-

fer measurement errors. The PPP and stimpl? UPAA

haa a larger detection sensitivity principally
because of the way the output transfers are
calculated and because of che larger in-process
inventory. Output tranaferu from the PPP and

sample UPM are a combination of volume and

proceaa-quality cor.centration measurements in

the sample and feed tanks (Fig. 1). For saie-

R!,srda, accountability quality concentration
meatrurementa should improve detection aenaitiv-

ity.

VII, DISCIISSION

NRTA dermnscrat ions during the AGNS mini-

runs show that materials balances can be drawn

in near-real time using process-grade meariure-

ments, We cnntrot emptlasize this point enougtl--
useful inforrnntion can be extracted frum prncega

m{,nitorinR data. Although the materiJLo loarr-

dctrct ion sensitivities achieved for l-day
periods Renrrally are nrrt comparable to it~te:-
nnti(jnal p,oala, thry illustrate the elflcricy c)f

the NRTA concepts.

i’ruc[~s ti-jcrardt, mrnnurrmrntb Clrn usually
provirkr enlimn:rn o i in-p -l)c tan lnventcrrieti.
Efforts t [> lnlpr’ove these eatimatea Nl)t)uld
cnncettLratc on Conrontrnt iull mrn~tlremetlt n and

[)l\ vntimativn (1f nc>lvvnl-rx tract i<~u c{ntactc~i

invellloriea.

MraRtjlrmc.ntnof niHnif icant f., rJ and pro-
durt st rramn COII t)ften he rsde nn n hatcjl baniu.

IIOWPVP1 , medk(ttcmrntn nf flow ratrfl and r{lllcctl-

trntinnm arr tlred~d on pr~wram nt ronma, iucl(lJ-
iu~ want~ ntrenma, that crorra ●ccount llIK area
l>(~tlndariea.

The rr$prnc~arning facility im au illl~ktrated
,Jllolr , nnd thr mntvrialn accounting ayrrlvm munt
a,l,ltpnfi rhr elltirr fscility. Therefore, wr plan



to participate in future ●xperimental tests to

cent inue the development and demonstration af

NRTA and to explore methods for international
verification of materials balances in reprocess-
ing facilities.
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